Instrumental systematics
and weak lensing science

Raohel Mandelbaum (CMU)
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Outline

 Weak gravitational lensing
 Whatis it?
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Gravitational lensing

Strong lensing

Sensitive to all matter

along line of sight,
including dark matter!
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More generally...
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Diagram from
Narayan &
Bartelmann

(1997)

Credit:
Couch &
Ellis /
NASA



Weak lensing

® \ery small deflection angles
® (Coherent statistical distortion (shear, y) of galaxy shapes

® Does not require chance superposition like strong lensing

sheared image

. o= 4GM/bc?

Picture credit:
LSST Science
Book
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Weak lensing

® \ery small deflection angles

® (Coherent statistical distortion (shear, y) of galaxy shapes

® Does not require chance superposition like strong lensing

Picture credit:
LSST Science
Book

sheared image

Lensing depends on:
* Enclosed mass
* Distance from that mass

* “Lensing kernel”: distances to lens and source
~ AN
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Why should you care
about weak lensing?

Dark matter and
dark energy!

Structure growth!

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE ESA/Planck

r 1Ga|axy dark

matter

i ‘connectlon!

Theory of gravity!




So how does this work?

Cosmic shear:
weak lensing by large-scale structure
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So how does this work!?

Cosmic shear:
weak lensing by large-scale structure

Tomography requires catalogs

with:

1. Galaxy positions

2. Galaxy shear estimates

3. Galaxy redshift estimates
(photo-z or p(z))

Heymans et al. (2013)
CFHTLenS



So how does this work!?

Cosmic shear:
weak lensing by large-scale structure

Tomography requires catalogs
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So how does this work!?

Cosmic shear:
weak lensing by large-scale structure

Indices of z bins  Separation on
the sky

Tomography requires catalogs
7Y waws [ (@a)el (@5) & € (@a)el (o)) [ANIE ”

S WaWo 1. Galaxy positions
2. Galaxy shear estimates

3. Galaxy redshift estimates
Shear correlation functions (photo-z or p(z))




So how does this work!?

Cosmic shear:
weak lensing by large-scale structure

shears in coordinate system
aligned with vector connecting galaxy pair

Tomography requires catalogs
S waw [ (@)l (@) £ o (za)el ()] NS o

1. Galaxy positions

2. Galaxy shear estimates
galaxy positions weight factors 3. Galaxy redshift estimates
(photo-z or p(z))




e.g.,in CFHTLenS

(Heymans et al. 2013)




Another option:
galaxy-galaxy or cluster-galaxy lensing

reds
2. A sa

il

Requires catalogs with:
1. Background galaxy
N0SItions, shear estimates,
alli

t estimates

ole of foreground

Masses



Another option:
galaxy-galaxy or cluster-galaxy lensing

Mass profiles of
massive galaxies,
iIncluding large-
scale structure

0.1 1 10
Transverse separation R (Mpc/h)

(RM et al. 2013)




VVhere do systematics
come in!

(from GREAT3 challenge handbook)

(blurred) (pixellated)

Stars

Propagation through the Earth’s
2atmosphere and telescope optics

¢ on_on detector
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Propagation through the Universe

(pixellated)




VVhere do systematics
come in!

(from GREAT3 challenge handbook)

Stars

To estimate the shear, we have to
measure galaxy image properties, and
estimate and remove the PSF




VVhere do systematics
come in!

(from GREAT3 challenge handbook)

Stars

To estimate the shear, we have to
measure galaxy image properties, and
estimate and rémeve the PSF




Examples of where
systematics come In

Chromatic effects: PSF for stars is different
from that for galaxies, or even within different
parts of the same galaxy.

Brighter-fatter effect: PSF for bright stars is
fatter than that for the galaxies.

Tree rings, edge distortion: astrometry (a
remapping that isn’t a convolution)

Cosmic rays: basic measurement issue

Defects can lead to coherent selection effects



The connection to
sclence

Model errors in shapes as a multiplicative bias, additive term:

Ymeas = (1+m) Ytrue +C

(Ideally m=c=0)

o P et A T g - pe P 4 h - - -~ . . M. “ iy y = & \ - d 1 r
b A . et A0 N Aot b —_ Iy - - T I At At dAtels pabid oo tod s -
& iiedd V] e ey T N T N e, et P Y AN DAY J LA N > R A0 e Yl LAY e 4 NI Ly 3 ey L) N
) Iy | 2 Pt A et — .. » g Sty s ._’:: TR it ‘:-- o 3 diH e S Dy e LR AL e ST A T RS Iy TrLr AN Y
@ L A == jo gl oy N i o) - e o A e a s ¥ { y = , IR 3 !




The connection to
sclence

Model errors in shapes as a multiplicative bias, additive term:

Ymeas = (1+m) Ytrue +C

(Ideally m=c=0)




The connection to
sclence

Model errors in shapes as a multiplicative bias, additive term:

Ymeas = (1+m) Ytrue +C

(Ideally m=c=0)

o P et A T g - pe P 4 h - - -~ . . M. “ iy y = & \ - d 1 r
b A . et A0 N Aot b —_ Iy - - T I At At dAtels pabid oo tod s -
& iiedd V] e ey T N T N e, et P Y AN DAY J LA N > R A0 e Yl LAY e 4 NI Ly 3 ey L) N
) Iy | 2 Pt A et — .. » g Sty s ._’:: TR it ‘:-- o 3 diH e S Dy e LR AL e ST A T RS Iy TrLr AN Y
@ L A == jo gl oy N i o) - e o A e a s ¥ { y = , IR 3 !




The connection to
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The connection to
sclence

Model errors in shapes as a multiplicative bias, additive term:

Ymeas = (1+m) Ytrue + C

(Ideally m=c=0)

o) e Important note:
Cosmicshear | = usually m = m(S/N, size, ...) =
pOer | m(z), effectively

spectrum

and same for ¢

Picture credit: LSST science book



The connection to
sclence

Lensing, +

Lensing, -

Atmosphere, +

Ground optics, +

Ground optics, -

Space optics, +
- - Space optics, -
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(from GREAT3 handbook)




Examples of
instrumental effects

Brighter-fatter effect:

® |f PSF size is wrong by | %...

® For typical shear estimation methods and
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Examples of
instrumental effects

Brighter-fatter effect:

® |f PSF ellipticity is wrong by 0.0
(coherently)...

® For typical shear estimation methods, ~a
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Examples of
trumental effects
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Huff et al. (2014)



Examples of
instrumental effects

310-340
340-010
010-040

Huff et al. (2014)

Best explanation for this: nonlinearity correction
in SDSS r2 CCD is wrong.




Examples of
instrumental effects

310-340
340-010
010-040

Huff et al. (2014)

Responsible for 2/3 of additive shear
systematics in SDSS lensing analyses!



In the context of other
analysis issues...

® PSF correction / shear estimation: many
methods, lots of effort (incl. ongoing, based
on 2 decades)

® Astrophysical and theoretical uncertainties:
lots of work for the past 2 decades

® |nstrumental systematics: less well-explored
than these in WL context. Lots to do!



Conclusions

® Weak lensing science can do amazing things
(dark energy, gravity, dark matter-galaxy
connection)




